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ABSTRACT
International Fixed Income Investing 1985 to 1999
by
Brad W. Davies
Dr. Stephen M. Miller 
Professor and Chair Department of Economics 
University of Nevada, Las Vegas
International bonds as an asset class constitute the single largest component of the 
total investable capital market portfolio valued at over $15.1 trillion U.S. dollars in 1999. 
Investing in international bonds provides certain benefits as compared to investing solely 
in U.S. bonds. This thesis demonstrates how international bonds interact with U.S. bonds 
and how their inclusion affects the risk/return characteristics of diversified fixed-income 
portfolio. As such, I will examine the returns, volatility, currency movements, correlation, 
and portfolio effects between the United States and international bond markets during the 
period 1985 to 1999.
Ill
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CHAPTER 1
INVESTING IN INTERNATIONAL BOND MARKETS
Risk and return, two fundamentals of investing, exist for any potential investment 
as rational investors always seek the highest return for a given level of risk. For those 
investors who maximize return for a given level of risk, investing in international bonds 
does not make sense unless international bonds can improve the portfolio’s rate of return 
relative to that available from U.S. bond investments.
For other investors who minimize risk, combining international bonds with U.S. 
bonds can reduce the risk or the volatility of the portfolio’s returns. Under the standard 
Markowitz mean-variance framework, any asset class with a correlation coefficient less 
than one will provide some diversification benefits in reducing portfolio risk. The 
relative trade-off between risk and return depends on the investment objectives of the 
investor. These objectives get reflected in the composition of an international bond 
portfolio.
Whatever their currency denomination, common factors influence bond returns: 
coupon income, interest rate movements, and changes in credit risk. A change in any 
factor will affect the cash flow of the bond and increase or decrease the yield or return to 
the investor. In addition to the above-mentioned factors, international bond returns get 
affected by currency movements, as foreign currencies strengthen or weaken relative to 
the U.S. dollar. The effect of currency exposure on international bond returns is known
1
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as currency risk. The returns on international bonds depend on the exchange rate 
between the U.S. dollar and the foreign currency at the time of the non-dollar cash flow 
receipt. If the foreign currency depreciates relative to the U.S. dollar, the dollar value of 
the cash flow will fall proportionately. If the foreign currency appreciates relative to the 
U.S. dollar, the inverse holds.
Questions remain unanswered in current research as to the appropriateness of 
international bonds in U.S. fixed-income portfolios. The large amount of international 
bonds currently outstanding provide a compelling reason for conducting research in this 
asset class. International bonds constitute the second largest component of world 
wealth. At the end of 2002, the total investable capital market exhibited a market value 
of $62.8 trillion (estimate), with international bonds representing close to a quarter of the 
total and fifty-percent of the total when including the U.S. bond market (Figure 1).
Private Equity 
Cash 0.5% 
Equivalents 
5.2%
Real Estate 
5.7%
Emerging 
Markets Debt Emerging 
Markets 
Equity 0.9%
High Yield 
Bonds 
1 . 1 %
U.S. Equity 
17.1%
Non-U.S.
Equity
15.6%
Non-U.S 
Bonds 
24.1%
U.S. Bonds 
27.7%
Total: $62.8 Trillion
Figure 1. Total investable capital markets 12/31/02
From: UBS Global Asset Management, Venture Economics, EnnisKnupp (2002).
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The Salomon Smith Barney World Government Bond Index provides another 
way to estimate the size and scope of the international bond market. The index includes 
twenty of the largest government bond markets in the world. Table 1 shows the market 
value, in U.S. dollars, of the government bonds outstanding in the international markets 
at the end of 1999. The total outstanding value of the major bond markets equaled $6.58 
trillion as of December 31, 1999. Note that U.S. dollar-denominated bonds represent 
only 27.12 percent of all government bond markets in the index. Fixed-income 
investments limited to U.S. bonds effectively ignore more than two-thirds of global 
government fixed-income opportunities. The sheer size of these markets, combined with 
the potential for return enhancement and risk reduction, suggests that international bonds 
may provide needed diversification to a bond portfolio.
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Table 1
Salomon Smith Barney World Government Bond Index. December 31, 1999.
Bond Market Total Par Issued % of Market
United States $ 1,779,060,000,000 27.12%
Japan $ 1,744,410,000,000 26.59%
Italy $ 528,770,000,000 8.06%
Germany $ 516,570,000,000 7.87%
France $ 492,150,000,000 7.50%
United Kingdom $ 385,820,000,000 5.88%
Spain $ 215,180,000,000 3.28%
Canada $ 188,190,000,000 2.87%
Netherlands $ 171,290,000,000 2.61%
Belgium $ 159,880,000,000 2.44%
Sweden $■ 84,960,000,000 1.30%
Denmark $ 78,640,000,000 1.20%
Austria $ 56,870,000,000 0.87%
Finland $ 43,300,000,000 0.66%
Australia $ 40,640,000,000 0.62%
Switzerland $ 28,480,000,000 0.43%
Portugal $ 27,300,000,000 0.42%
Ireland $ 18,220,000,000 0.28%
Norway $ 15,360,000,000 0.23%
New Zealand $ 8.950.000.000 0.14%
Total $ 6 ,584,040,000,000 100%
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 2
LITERATURE REVIEW 
Considerable academic and private sector attention focuses on the effects of 
international investing and how it compliments a U.S.-based portfolio. Unfortunately, 
the majority of the work examines the equity side of international investments, with little 
dedicated to the fixed income sector, especially in the last ten years. Only a few articles 
consider the effects of international fixed income investing and how they compliment a 
portfolio of strictly U.S. bonds.
Cholerton, Pieraerts, and Solnik (1986) state that Americans should use 
international bonds to diversify and to realize higher expected rates of return, since the 
market capitalization of foreign bonds exceeds than that of foreign equities. The authors 
find that the correlation coefficients between various bond markets exhibit low values. 
The dollar performance of foreign bond markets exceeded that of the U.S. bond market 
over the period 1971-1984. The authors state that foreign bond markets demonstrated 
less volatility in local currency terms; however, currency volatility strongly increased the 
potential risk home by a U.S. investor. Thus, foreign bond markets experienced more 
volatility than the U.S. bond market evaluated in dollars. Nevertheless, the addition of 
foreign bonds to a U.S. bond portfolio can reduce total risk of the domestic portfolio, 
while improving its performance.
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Burik and Ennis (1990) detail the effects of international bond portfolios during 
the period 1979 to 1987. They suggest that the sheer size and diversity of non-dollar 
bond markets implies that international bonds belong in diversified portfolios. These 
authors examine the effects of currency risk for U.S. investors. In the study period, U.S. 
investors, who bore currency risk, did not get rewarded over the long-term. International 
bond returns in U.S. dollars possessed more than twice the volatility as international 
bond returns left in their local currency. The authors state that their analysis of 
international bond returns offers no support for the existence of a premium for currency 
risk.
happen (1995) considers the convergence of global bond markets. The author 
shows over the 1990’s how the correlation of global government bond indexes and the 
U.S. government bond index converged considerably, happen determines whether 
nondollar denominated bonds provide diversification benefits. If interest rates converge 
in the major industrial countries, the diversification benefits of global bonds will 
diminish. In managing global bonds, a critical issue considers how best to handle 
currency risk and the acceptable level of risk. Hedging out the currency risks can 
eliminate a major source of the potential payback of global bonds. Market correlations 
increase after eliminating currency risk.
Rosenberg (1997) shows how the correlation of global bond markets increased 
over time. The author questions that if interest rates become more tightly linked, then 
will the incremental value from an international bond portfolio come more from 
currency selection than from bond selection? Rosenberg illustrates how the expected 
change in exchange rates will equal the domestic-foreign interest rate differential. If
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interest rate parity holds at all times, one cannot argue for international fixed income 
investing because investors in the foreign market will earn the same rate as they earn in 
the U.S. market. If interest rate parity does not hold, then foreign bonds offer a risk 
premium over and above what investors can earn in the U.S. market and a case for 
investing in international bonds exists. Rosenberg uncovers evidence in the 21 years, 
following the inception of floating exchange rates in 1973, that foreign bonds 
historically outperformed U.S. bonds. This suggests that interest rate parity did not hold.
Hunter and Simon (2004) find that bond return correlations in recent years rose 
between the U.S. and both the U.K. and Germany, but not between the U.S. and Japan. 
They do not find that international bond return correlations increase during periods of 
sharp bond market declines or heightened volatility. Their conclusions on 
diversification gains in all three comparisons to the U.S. bond market strictly reflect 
correlation coefficients. Their sample period runs from January 1992 through September 
2002. Overall, their results suggest that, while interdependencies between the major 
international bond markets exist, they prove weaker than those found between equity 
markets. The evidence supports the view that synchronization of business cycles 
explains some of the change in correlations. The evidence also suggests that high-stress 
periods in the U.S. or foreign bond markets lead to lower rather than higher bond return 
correlations, when foreign bond returns are hedged. These conclusions support the view 
that the benefits of international bond diversification on a hedged basis do not diminish 
during periods of weakness, contrary to evidence in international equity markets
Iben and Litterman (1994) investigate whether international bond market 
correlations systematically relate to the level of volatility in the bond markets and
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whether international diversification can still meaningfully reduce risk. Their findings 
indicate that the volatility of international bond markets grew larger over 1988 to 1994 
and that the correlation between G-7 markets also increased, with the exception of Japan. 
They state that the correlations between G-7 markets still exhibit relatively low values 
when compared to equity markets. They conclude that the volatility and correlation of 
the international bond markets increased, and that the risk reduction from international 
diversification changed little, still providing significant diversification for investors.
Solnik, Boucrelle, and Le Fur (1996) find evidence that international correlation 
increases in periods of high market volatility. The international covariance increases by 
more than the two market variances. The international correlation of bond markets 
increased in the early 1980s, but no trend existed from 1959 to 1995, with exception of 
the French and German market. They conclude that the relatively low levels of 
international correlation among stocks and bonds suggest that national factors still 
strongly affect local asset prices. The benefits of international risk reduction appear 
robust, but the case for international diversification may get overstated. The link 
between correlation and market volatility provides bad news for global managers, 
because when the domestic market receives a strong negative shock, the benefits of 
international risk diversification become more advantageous.
In summary, all the authors agree that including international bonds in a portfolio 
of domestic bonds provide important benefits. Throughout the literature, international 
bond markets provide higher rates of return with higher volatility, after converting 
returns to U.S. dollars. The authors also find that the correlation between U.S. and 
international bond markets increased over time, but remained relatively low when
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
compared to equity markets. The authors provide conflicting evidence on the issue of 
hedging currency exposure. If investors hedge currency risk and remove a portion of the 
volatility, they reduce returns and increase the correlation of international bonds with 
U.S. bonds. This reduces the benefits of diversification. If investors do not hedge 
currency risk, returns increase as well as the volatility, but the correlation remains lower. 
This increases the benefits of diversification.
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CHAPTER 3
RATES OF RETURN 
When including the global bond market in a pool of potential investments, an 
investor dramatically increase the opportunity set of fixed-income securities. Investors 
who extend their horizon to international markets can often find bonds with higher yields 
and valuations more attractive than U.S. bonds. As of December 31, 1999, 
approximately seventy percent of the market value of the global government bond 
market fell outside of the United States. Thus, investors can enhance their total rate of 
return relative to an U.S. bond portfolio based on the sheer size of the international bond 
markets and their accompanying return and valuation characteristics.
In the analysis that follows, I analyze nine of the nineteen foreign bond markets 
in the Salomon Smith Barney Non-$ World Government Bond Index (Non-$ WGBI) in 
relation to the U.S. government bond market from 1985 to 1999. The original nine 
markets of Non-$ WGBI include the government bond markets of Japan, Germany, 
United Kingdom, France, Canada, Italy, Australia, Netherlands and Switzerland'.
Several reasons exist for using the original nine government bond markets in the index. 
First, they represent the major international bond markets of the world and account for 
over 93 percent of market value (excluding the U.S.) in the index. Second, the original
‘ Japan, Germany, United Kingdom, France. Canada, Australia, Italy, Netherlands and Switzerland entered 
the N on-$ W GBI in 1985.
10
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nine bond markets include the major industrial nations of the world, also known as the G-7 
nations. These major bond markets provide highly advanced markets with no entry or exit 
barriers and sufficient volume and breadth to remain liquid and efficient. Third, these 
bond markets possess fifteen years of data as the other index countries entered more 
recently.
Country eligibility for the Non-$ WGBI depends on market capitalization and 
investment criteria. The country’s bonds reflect sovereign debt issued in the domestic 
market in the local currency and must total at least US $20 billion, DM30 billion, and 
¥2.5 trillion for three consécutives months for inclusion. Once a country satisfies the 
above criteria, it enters the Non-$ WGBI at the end of the following quarter. The design 
criteria states that bonds in the Non-$ WGBI must offer a fixed-rate coupon with a 
minimum maturity of one year and should not contain significant barriers to entry. The 
country weighting of the index, updated monthly, reflects market capitalization.
The total-retum data consists of monthly returns for each international bond 
market in the Non-$ WGBI and the United States in local currency and in U.S. dollars. 
Total returns assume that for each security, an investor purchases it at the beginning of 
the period and sells it at the end of the period with no interim trading. An issue’s total 
rate of return equals the percentage change in its total value over the measurement 
period, as detailed in Figure 2. The components of total return include price change, 
principal payments, coupon payments, accrued interest, and reinvestment of income. In 
addition, total return also adds foreign exchange movements of the international bond 
markets as the domestic currency strengthens or weakens relative to the U.S. dollar. The 
Non-$ WGBI uses the WM/Reuters Co. closing spot rate for each currency in the index
11
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at the end of each month for each corresponding bond market. The WM/Reuters Co. 
takes several snapshots at regular intervals centered on the fixing time of 4:00 p.m. 
London time, and selects the median rate for each currency for its exchange calculation. 
After calculating the monthly returns for the international hond markets in local and U.S. 
dollar terms, the monthly returns get annualized geometrically, according to the desired 
time-period to account for compounding.
Monthly Beginning of Period Value = (Beginning Price + Beginning Accrued) x
Beginning Par Amount Outstanding 
Monthly End of Period Value = [(Ending Price + Ending Accrued) x
(Beginning Par Amount Outstanding - 
Principal Payments)] + Coupon Payments + 
Principal Payments + Reinvestment Income 
Total Monthly Rate of Return (%) = [(End of Period Value/Beginning of Period
Value) -  1] xlOO
Annualized Total Rate of Return (%) = [(1 -+- Total R e t u r n ) -1] x 100
Figure 2. Total rate of return calculation methodology.
From: Salomon-Smith Barney Global Index Group Performance Index (1998). 
Adapted with permission.
For the initial examination of long-term returns, I compare the original nine 
countries included in the Non-$ WGBI to the U.S. government bond market on an 
individual country basis. During 1985 to 1999, U.S. bonds provided a lower rate of
12
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return as compared to the majority of the countries in the Non-$ WGBI, after converting 
into U.S. dollars. As seen in Table 2, the United States experienced the second worst 
performing bond market in the study returning an annualized rate of return of 8.90 
percent, lagging all international bond markets and the index by 96 to 467 basis points, 
with the exception of Switzerland. The United Kingdom posts the best performance 
during the study, returning an aimualized 13.57 percent a year. Since the majority of 
individual investors must convert their international bond gains or losses back into U.S. 
dollars at some point, this is the relevant return to examine. From the evidence in Table 
2, this supports my hypothesis that international bonds enhance domestic returns as 
stated in the current literature. Table 2 shows that foreign exchange movements added 
to the returns of the majority of the international countries, except for Canada and 
Australia.
The next long-term comparison examines the international and the U.S. bond 
markets over the same period, but does not convert the returns back into U.S. dollars. 
This eliminates the effect of currency movements on returns in the local bond markets. 
Table 2 shows that the U.S. bond market provided a mixed rate of return, when 
compared to the international markets in the Non-$ WGBI. The best performing bond 
market during this period (i.e., Italy) returned 12.84 percent per year. The U.S. 
surpassed Switzerland, Netherlands, Germany, Japan, and the market-weighted index by 
a magnitude of 139 to 375 basis points. On the other hand, the United States lagged the 
United Kingdom, France, Canada, Italy, Australia, and the equal-weighted index by 99 
to 394 basis points. Note that domestic returns in five of the nine international markets
13
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
exceeded U.S. returns during 1985 to 1999. The reason that the U.S. bond market beat 
the equal-weighted index, but lagged the market-weighted index, reflects the poor
Table 2
Annualized Returns o f  International Bond Markets 1985 to 1999.
Countries Total Return 
U.S. Dollars
Total Return 
Relative to U.S.
Total Return 
Local
United States 8.90 8.90
Japan 12.94 4.04 6.37
Germany 10.63 1.73 7.14
United Kingdom 13.57 4.67 11.10
France 12.77 3.87 9.89
Canada <L86 0.96 10.57
Italy 12.85 3.95 12.84
Australia 10.36 1.46 12.13
Netherlands 11.01 2.11 7.51
Switzerland 8.63 -0.27 5.15
SSB Non-$ WGBI (Market-Weighted) 11.91 3.01 8.52
SSB Non-$ WGBI (Equal-Weighted) 11.62 2 J2 9.42
performance of Japan and Germany, which consists of over 34 percent of the index 
return in 1999. The decision not to convert the local currencies into U.S. dollars
14
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benefited the performance of the U.S. bond market. Unfortunately, few investors can 
maintain international custodial accounts whereby they do not convert local currency 
returns to U.S. dollars. Large international banks, financial institutions, insurance 
companies, and brokerage houses prove the exception.
In Table 3 ,1 break the 1985 to 1999 into five-year periods to illustrate the short­
term return characteristics of the international and U.S. government bond markets in 
U.S. dollars. During 1985 to 1989, the U.S. bond market lagged all original nine 
international bond markets and the index by as much as 11 percent a year over the five- 
year period. The U.S. bond market posted the second worst performance during 1990 to
1994 and failed to beat the index by over 300 basis points. In the most recent period,
1995 to 1999, the U.S. bond market generated returns that beat the Non-$ WGBI and all 
countries with the exception of the United Kingdom, Canada, Italy, and Sweden. In all 
three separate time periods, the returns and the dispersion of returns in U.S. dollars 
decreased, indicating a reduction in expected returns for each country and the index.
This can explain reduced risk in the bond markets or currency exposure.
Table 4 illustrates the same five-year periods, but maintains the international 
bond market returns in their local currency. The U.S. bond market performed well for 
the first period, 1985-1989, as it solidly beat the Non-$ WGBI due to the poor 
performance of Japan and Germany. In the following two periods, U.S. bonds returned 
below average performance and failed to beat the index and the majority of the countries. 
The evidence suggests a mixed view in that the U.S. government bond market performs 
as well as the majority of international government bond markets from 1985 to 1989, 
when leaving returns in their home currency. When I convert the returns to U.S. dollars.
15
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the currency effect accounts for the dramatic underperformance of the U.S. bond market 
to the index and international markets from 1985 to 1999. Switzerland posted the worst
Table 3
Annualized Returns o f International Bond Markets in U.S. Dollars.
Countries
Inception
Date
1985-
1999
1985-
1989
1990-
1994
1995-
1999
United States Jan-85 8.90 11.80 7.52 7.45
Japan Jan-85 12.94 18.52 15.2 5.48
Germany Jan-85 10.63 20.18 9.69 2.71
United Kingdom Jan-85 13.57 18.35 10.72 11.81
France Jan-85 12.77 23.17 11.35 4.58
Canada Jan-85 <L86 15.19 5.65 IE94
Italy Jan-85 12.85 22.88 7.95 836
Australia Jan-85 10.36 12.47 12.11 6.61
Netherlands Jan-85 11.01 20.34 10.16 3.21
Switzerland Jan-85 8.63 14.64 9.95 1.69
SSB Non-$ WGBI (Market-Weighted) Jan-85 11.91 18.98 10.93 6.18
SSB Non-$ WGBI (Equal-Weighted) Jan-85 11.62 19.06 10.47 5.74
Mean 11.25 17.97 0.15 6.06
Standard Deviation 1.63 3.71 2.42 2.86
16
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performing market in all three periods and since inception, when I do not convert to 
U.S. dollars. In all three separate time periods, the returns and the dispersion of returns 
in local currency decreased indicating a reduction in expected returns for each country
Table 4
Annualized Returns o f International Bond Markets in Local Currency.
Countries
Inception
Date
1985-
1999
1985-
1989
1990-
1994
1995-
1999
United States Jan-85 8.90 11.80 7.52 7.45
Japan Jan-85 6.37 6.00 7.09 6.01
Germany Jan-85 7.14 6.11 7.77 7.54
United Kingdom Jan-85 11.10 10.80 11.36 11.15
France Jan-85 (X89 11.16 9.57 8.94
Canada Jan-85 10.57 12.28 926 9.69
Italy Jan-85 12.84 12.92 13.40 12.20
Australia Jan-85 12.13 13.61 12.49 10.30
Netherlands Jan-85 7.51 625 8.06 8.22
Switzerland Jan-85 5.15 323 6.40 226
SSB Non-$ WGBI (Market-Weighted) Jan-85 8.52 8.01 8.91 8.64
SSB Non-$ WGBI (Equal-Weighted) Jan-85 9.42 9.17 9.79 9.29
Mean 9.13 928 924 8.77
Standard Deviation 233 322 2T8 1.92
17
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
and the index. What drives the decreasing returns and dispersion of returns in local 
currency with no foreign exchange exposure? A relationship must exist between the 
expected return and the risk level of an asset. Evidence exists that the risk level of the 
international government bond decreases over the time periods, thus, reducing the 
expected return of those government bonds.
Examining the international bond markets on a year-to-year basis in Figure 3 and 
Figure 4 reveals the large disparity between the best and worst performing bond markets 
in U.S. dollars and local currency. For a year-to-year comparison of the international 
bond markets and the U.S., I include all nineteen markets in the Non-$WGBI. This 
highlights the volatility of the bond market returns from country to country. The largest 
difference in returns appears in 1985, when France experienced a 50.53 percent return 
and Australia returned a negative 12.06 percent, a 62.59 percent differential when 
converted to U.S. dollars. The smallest differential occurred in 1998, when the 18.49 
percent return in France was 22.38 percent greater than the -3.89 percent return in New 
Zealand. The same disparity emerges between the worst and best performing markets in 
each year when the returns remain in their local currency. The largest disparity occurred 
in 1993, when Ireland experienced local return of 31.55 percent while the U.S. returned 
10.70 percent, a range of 20.85 percent. The smallest disparity, a range of 6.66 percent, 
occurred in 1995, when Sweden returned 20.19 percent and New Zealand returned 13.53 
percent.
Such wide disparities far exceed the return differentials in Table 2, which reflect 
the smoothing of time. Also note that the range of returns between the international and 
U.S. government bond markets generally narrowed, since the inception of the Non-$ WGBI
18
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in 1985. Figures 3 and 4 illustrate that typically countries do not appear as the best or 
worst performer over consecutive years. Japan exhibits the worst performing market in 
1989 and 1995 but the best performing market in 1993 and 1999. The United States 
never exhibits the best performing bond market in U.S. dollars and posted the worst 
performance in 1987. In local currency, the U.S. bond market experienced the worst 
performing market in 1987, 1993, and 1996 and the best, in 1989. The U.S. and 
international bond markets exhibit much short-term volatility and unpredictability. 
Investors carmot easily forecast the best or worst performing market on a year-to-year 
basis. This reinforces the idea that international bond investing can provide significant 
value added, however, over time, government policies and market forces correct the 
economic disparities that lead to short-term gains or losses.
The examination period of 1985 to 1999 shows that when long-term investors 
expand their spectrum of potential fixed income investments to include international 
bonds, they can earn a superior annualized return over investing in strictly U.S. bonds. 
International bonds exhibit a large difference in annualized returns, both when expressed 
in local currency or U.S. dollar terms. Foreign currency contributions to total return 
ranged from -14.59 percent to 103.13 percent. Since the majority of U.S.-based 
investors convert their international investment returns back into U.S. dollars, the 
pertinent returns are the U.S. dollar returns. This supports my hypothesis that 
international bonds deserve a place in a diversified fixed-income portfolio, if the investor 
wants to maximize returns. Cholerton, Pieraerts, and Solnik (1986) and Rosenberg 
(1997) support these findings. The next section discusses how the volatility (risk) of the 
international bond markets compare to the United States.
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Figure 3. Best and worst performing international bond markets in U.S. dollars.
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Figure 4. Best and worst performing international bond markets in local currency.
CHAPTER 4 
VOLATILITY
This chapter examines the volatility or risk of the monthly returns in the 
international and U.S. Government bond markets in U.S. dollar and local currency terms. 
This study uses the standard deviation as a proxy for risk or volatility. The equations in 
Figure 5 make up the standard deviation calculation. The first computes the country’s 
monthly standard deviation for the desired time period (i.e., one-, three- and five-year). 
The second annualizes the monthly standard deviations so we ean compare annualized 
risk to annualized returns in the same base unit. I ealeulate standard deviations for all 
international countries in the Non-$ WGBI and U.S. Government bond market.
^  S l A n n n a l  C T / 1 ^
Figure 5. Standard deviation calculation methodology.
From: Momingstar, Inc. (1996-2005).
Table 5 reports the armualized standard deviations o f monthly returns for the 
international and U.S. bond markets from January 1985 to December 1999 and the three
22
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subperiods. The evidence shows that the volatility of international bond market returns 
in U.S. dollars considerably exceeds the volatility of the U.S. bond market. The United 
States experienced the lowest annual standard deviation, 4.92 percent from 1985 to 
1999, roughly half the risk level of the international bond markets, after converting the 
returns to U.S. dollars. Japan experienced the highest risk level in this time-period 
recording an annualized standard deviation of 14.52 percent, 195-percent higher risk 
when compared to the U.S. Government bond market. In fact, the U.S. experienced the 
lowest volatility of all international bond markets in all three subperiods.
Table 6 reports the annualized standard deviations of monthly returns in the 
United States and international countries of the Non-$ WGBI in local currency terms. 
The standard deviation of the U.S. bond market exceeded all the international countries 
except for the United Kingdom, Canada, and Australia during 1985 to 1999. The United 
Kingdom experienced the highest standard deviation of 6.70 percent and Switzerland 
experienced the lowest standard deviation of 3.31 percent. During the subperiods, the 
United States’s standard deviation placed in the middle of the international countries.
The difference in risk levels from local currency returns to U.S. dollar returns mainly 
reflects the effect of the dollar’s volatility. In fact, many of the international bond 
markets in the Non-$ WGBI appear less risky than the U.S. bond market when their 
returns remained in their local currency.
Tables 5 and 6 show the magnitude of the changes in volatility due to the 
conversion of foreign currency into U.S. dollars. During 1985 to 1999, the largest 
increase in volatility due to the exchange rate conversion occurred in Switzerland, which 
saw an increase in its standard deviation of more than 297 percent. Eight of the nine
23
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Table 5
Annualized Standard Deviations o f  International Bond Markets in U.S. Dollars.
Countries
Inception
Date
1985-
1999
1985-
1989
1990-
1994
1995-
1999
United States Jan-85 4.92 6.03 4.40 4.12
Japan Jan-85 14.52 16.45 11.06 15.50
Germany Jan-85 12.49 15.59 11.29 923
United Kingdom Jan-85 13.91 18.32 13.57 8.02
France Jan-85 11.66 13.89 11.08 9.17
Canada Jan-85 K96 920 927 7.87
Italy Jan-85 12.11 12.56 13.73 9.43
Australia Jan-85 13.14 17.88 10.16 9.96
Netherlands Jan-85 12.18 14.97 11.10 9.57
Switzerland Jan-85 13.15 15.97 11.55 11.37
SSB Non-$ WGBI (Market-Weighted) Jan-85 10.69 13.64 9.13 8.43
SSB Non-$ WGBI (Equal-Weighted) Jan-85 9.58 11.82 8.90 7.27
Mean 11.70 14.10 10.75 &45
Standard Deviation 282 287 229 286
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Table 6
Annualized Standard Deviations o f International Bond Markets in Local Currency.
Countries
Ineeption
Date
1985-
1999
1985-
1989
1990-
1994
1995-
1999
United States Jan-85 4.92 6.03 4.40 4.12
Japan Jan-85 4.77 4.61 4.97 4.79
Germany Jan-85 3.48 263 3.64 3.18
United Kingdom Jan-85 6.70 7.52 7.45 4.91
Franee Jan-85 4.52 4.97 4.81 3.73
Canada Jan-85 6.28 7.02 6.70 5.01
Italy Jan-85 4.00 2.29 4.94 4.35
Australia Jan-85 5.90 6.48 6.02 5.21
Netherlands Jan-85 326 3.11 3.95 3.61
Switzerland Jan-85 3.31 2.19 4.17 3.27
SSB Non-$ WGBI (Market-Weighted) Jan-85 325 299 3.69 2.95
SSB Non-$ WGBI (Equal-Weighted) Jan-85 3.28 3.02 3.70 3.13
Mean 4.74 4.79 5.11 422
Standard Deviation 1.21 1.95 1.24 0.75
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international eountries saw their volatility more than double with Switzerland increasing 
by over 629 percent from 1985 to 1989. The last two subperiods showed that the 
majority of the eountries in the Non-$ WGBI doubled their standard deviation after the 
curreney conversion. Not one international country in any subperiod saw their bond 
market volatility redueed by exchanging their loeal currency into U.S. dollars.
A decided decrease in the standard deviation for every country occurs, starting 
from the first subperiod of 1985 to 1989 to the last subperiod of 1995 to 1999, after 
converting the returns into U.S. dollars. Not only did the average standard deviation for 
the international bond markets and the index decrease over the subperiods, but the 
dispersion of the standard deviations decrease also. The United States posted a 31.7 
percent decrease in its standard deviation from the first period to the last period. The 
United Kingdom experienced the largest decrease in standard deviation of 56.2 percent 
and Japan experienced the smallest decrease of 5.8 percent. This demonstrates that the 
volatility of translating domestic returns into U.S. dollars seems to diminish over time. 
The impact of curreney exposure declines as foreign exchange rates became more stable 
in recent years. One reason for the decline in volatility is the stable expectation 
regarding changes in foreign exchange rates. The Louvre Accord of 1988 established a 
desire by the G-6 nations to maintain greater exchange rate stability and reduced the 
amplitude of currency moves among key currencies versus the U.S. dollar. The accord 
achieved a great success as the U.S. dollar’s volatility declined to about one third of the 
levels experienced prior to 1988.
Also a decrease in the volatility for the majority of the international bond markets 
and the index occurs when the returns remain in their loeal currency. From 1985 to
26
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1999, the majority of the countries in the Non-$ WGBI and the United States 
experienced a decrease in their standard deviation from the first subperiod to the last 
subperiod. In the subperiod 1995 to 1999, all nine international countries in the Non-$ 
WGBI and the index saw their standard deviations decrease from the prior subperiod. 
The average standard deviation of the markets showed a modest decline throughout the 
periods, but the dispersion of the standard deviation definitely declined. This also 
supports the notion that international bond markets became less volatile before and after 
the currency adjustment.
The challenge involving foreign currency exposure relates to the fact that foreign 
currency adds to the volatility of international bond returns. International bond markets 
experience far more volatility than the U.S. bond market after converting the monthly 
returns into U.S. dollars. If we maintain the international market returns in their home 
currencies, the average volatility equals or falls below that in the U.S. bond market. The 
currency translation causes the greater volatility and pushes up the standard deviation in 
U.S. dollar terms, not the differences in the individual market eharacteristies. Evidence 
exists that international and U.S. bond market standard deviations diminish over time in 
both U.S. dollars and local currency. In addition, further evidence showed that the 
dispersion of volatility of countries tightened throughout the periods. If investors want 
to minimize risk, then U.S. investors should not convert international bond returns into 
U.S. dollars. The findings here prove consistent with Cholerton, Pieraerts and Solnik 
(1986) and Bunk and Ennis (1990), but prove contrary to the findings oflben and 
Litterman (1994).
27
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Clear evidence emerged that currency exposure can add significant volatility to 
international fixed income investing. The last two chapters detail the risk and return 
characteristics of international and U.S. bond markets. The next chapter will examine 
the linear relationship between the U.S. and international markets and provide some 
insight into how these markets move together as well as the strength of that relationship.
28
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER 5 
CORRELATION
International investors want to achieve a higher degree of diversification than 
investing in only domestic securities. Investors define diversification as investing in 
different securities, asset classes, or geographical regions in order to limit losses in the 
event of a decline in prices in one area of the portfolio. The correlation coefficient (p) 
between the bond market returns in international and U.S markets determines whether 
diversification can reduce portfolio risk. The correlation coefficient by construction lies 
in a range o f negative one to positive one.
International bond markets and the United States bond market exhibit perfect 
positive correlation (p = 1.0), when one market rises or falls and the other market shifts 
in the same direction by the same amount. In this case, and this case only, diversifying 
into international bonds will not reduce portfolio risk, as all the markets move together.
If bond markets move in opposite directions by the same amount, the markets exhibit 
perfect negative correlation (p = -1.0). This most desirable situation can reduce portfolio 
risk by the largest amount, as international bond markets and the U.S. bond market move 
in opposite directions and offset the risks inherent in each bond market. In fact, a 
perfect negative correlation can completely eliminate risk. A correlation coefficient of
29
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zero (p = 0.0) usually signifies that bond markets move randomly with respect to each 
other. Investors ean still realize significant diversification benefits with random markets.
Historically, correlation coefficients between international bond markets and the 
U.S. bond market fall between zero and one. This makes sense, looking at the global 
marketplace. International countries experience different phases of their economic 
cycle, as compared to the United States. The role of monetary and fiscal policy in the 
capital markets also varies across countries. In addition, sources of inflationary pressure, 
interest rate levels, credit worthiness, and currency strength ensure that movements of 
international markets will not perfectly correlate with the market in the United States. 
Consequently, adding international bonds to a portfolio of U.S. bonds reduces the overall 
volatility of returns, since the price movements partially offset each other.
Calculating the correlation coefficients proves relatively straightforward utilizing 
monthly total returns from the international bond markets and the United States. I do not 
annualize the resulting correlation coefficient like the return and standard deviation 
statistic, as it is an absolute value not a percentage. The formula in Figure 6 illustrates 
the correlation coefficient calculation:
Y,(x-x)(y-y)
Figure 6. Correlation coefficient calculation methodology.
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Table 7 shows the correlation eoefficients of monthly total returns in U.S. dollars 
for the Non-$ WGBI over 1985 to 1999. The Canadian bond market experiences the 
highest correlation with the United States with a coefficient of 0.57, no surprise given 
the close economic relationship between the countries. Canada holds the position of the 
largest trading partner with the United States. The Australian bond market exhibits the 
lowest correlation to the United States, which, once again, seems reasonable with the 
geographic and time-zone differences between the two economies. Australia actually 
saw a negative correlation with the United States from 1985 to 1989, a rare occurrence 
in the investment world. Over the longer term, the correlation between Australia and the 
United States returned to a positive coefficient. The market-weighted Non-$ WGBI, 
possessed a relatively low correlation of 0.34 with the U.S., indicating that international 
investing can achieve diversification benefits.
Table 8 shows the correlation coefficients of monthly total returns in loeal 
currency terms amongst the Non-$ WGBI countries during 1985 to 1999. The Canadian 
bond market, once again, experienced the highest correlation with the United States, 
posting a correlation coefficient of 0.75. The lowest correlation in this period occurred 
between the United States and Italy, having a correlation coefficient of 0.24. Australia 
maintained a negative correlation with the United States from 1985 to 1989, but 
exploded to a much higher correlation of 0.66 in the following period. The correlations 
in U.S. dollars for Australia did not react the same way. The Non-$ WGBI maintained a 
relatively high correlation coefficient of 0.60 with the U.S. That is, some diversification 
benefits exist to international investing in local currency as well as in U.S. dollars.
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Tables 7 and 8 show the effects of currency exposure on the correlation 
coefficients during the subperiods. The largest effect on correlation oceurred in the 
Australian bond market, where the exchange rate conversion caused the correlation
Table 7
Correlation Coefficients o f U.S. and International Bond Markets in U.S. Dollars.
Countries
Inception
Date
1985-
1999
1985-
1989
1990-
1994
1995-
1999
Japan Jan-85 0.20 0.20 026 0.08
Germany Jan-85 023 0.30 0.40 0.27
United Kingdom Jan-85 023 0.21 0.45 0.49
Franee Jan-85 028 0.37 0.42 0.31
Canada Jan-85 0.57 0.68 0.50 0.47
Italy Jan-85 0.26 0.26 0.20 0.30
Australia Jan-85 0.08 -0.09 0.39 0.17
Netherlands Jan-85 0.34 029 0.43 0.30
Switzerland Jan-85 0.26 0.25 0.37 0.13
SSB Non-$ WGBI (Market-Weighted) Jan-85 0.34 028 0.48 0.29
SSB Non-$ WGBI (Equal-Weighted) Jan-85 028 0.31 0.49 0.35
Mean 022 028 0.41 029
Standard Deviation 022 0.18 0.08 0.13
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Table 8
Correlation Coefficients o f U.S. and International Bond Markets in Local Currency.
Countries
Inception
Date
1985-
1999
1985-
1989
1990-
1994
1995-
1999
Japan Jan-85 029 0.45 0.40 022
Germany Jan-85 0.51 0.53 0.45 0.63
United Kingdom Jan-85 0.44 025 0.47 0.62
France Jan-85 0.52 0.55 0.42 0.62
Canada Jan-85 0.75 0.85 0.63 0.76
Italy Jan-85 0.24 0.09 0.21 0.48
Australia Jan-85 0.36 -0.01 0.66 0.63
Netherlands Jan-85 0.52 0.54 0.48 0.63
Switzerland Jan-85 0.34 0.44 0.45 0.26
SSB Non-$ WGBI (Market-Weighted) Jan-85 0.60 0.59 0.57 0.70
SSB Non-$ WGBI (Equal-Weighted) Jan-85 0.62 0.67 0.58 0.72
Mean 0.48 0.46 0.48 0.58
Standard Deviation 0.15 025 0.13 0.16
eoeffieient to increase from 0.08 to 0.36, an increase of 350 percent. Japan also saw a 
dramatic increase in correlation from U.S. dollars to local curreney with their correlation 
coefficient rising 95 percent from 0.20 to 0.39. The effects of curreney conversion on
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the Non-$ WGBI drove the correlation eoeffieient up over 76 percent from 0.34 to 0.60. 
In fact, Italy posted a reverse effect seeing the correlation of its returns decrease 189 
percent from 0.26 to 0.09. In 1990 to 1994, the correlation coefficient of the Austrian 
bond market returns equaled 0.56 in local curreney terms and 0.15 in U.S. dollar terms, 
an increase of 273 percent. In 1995 to 1999, all nine international bond markets saw less 
correlation with the United States, before translating their domestic currency into U.S. 
dollars. Sufficient evidence exists over the long-term that a substantial curreney effect 
reduces the correlation between returns in international government bond markets and 
the U.S. government bond market, after adjusting returns from local currency to U.S. 
dollars.
A comparison of correlation eoefficients of the returns of all the nine original 
bond markets in the Non-$ WGBI in Table 9 and Table 10 shows the changes in the 
effect of foreign exchange movements. Australia saw the lowest correlation with all the 
international bond markets in this study, having a correlation with Switzerland of only 
0.04 in U.S. dollars. In local currency, Italy and Japan experienced the lowest 
correlation eoeffieient of 0.09. Both correlations fell considerably below that between 
the U.S. and other eountries. The correlation of returns across the continental European 
bond markets exceeded that between those markets and the United States, reflecting the 
higher degree of interdependence between European economies and the existence of 
formal trading and currency relationships. The highest correlation of returns of all the 
international bond markets existed between the Netherlands and Germany, posting a 
correlation of 0.93 and 0.99 in local currency and U.S. dollars. This last finding seems 
reasonable, given the strong linkage between the Dutch and German economies.
34
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In all countries except Switzerland, Japan, and Canada, the degree of correlation 
rose over the 15-year period or remained roughly unchanged. Higher correlation occurs 
partly since world financial markets became increasing liberalized and deregulated. The 
majority of central banks around the world adopted a monetary policy that contributed to 
higher correlation of bond returns. Moreover, global economic cycles became more in 
tune with the expansion and contraction of the U.S. economy. Finally, yield levels of 
U.S. Government bonds aligned more closely than previously with the yield levels of 
government bonds throughout Europe.
I conclude that U.S. and international government bond market returns became 
more tightly linked and highly correlated when left in their in home curreney. Lapen 
(1995) also reports these findings. International exchange rates and curreney volatility 
reduce the correlation between international bond markets, when converted to U.S. 
dollars and further the benefits of diversification. Hunter and Simon (2004) and Iben 
and Litterman (1994) reached the same conclusion in their papers. Currency translation 
ean prove a powerful diversifier, but does not always work. The currency translation 
into U.S. dollars drives the correlation coefficients of the bond markets lower and not the 
actual movements of the individual bond markets. There is sufficient evidence of weak 
correlation between the U.S. government bond market and international government 
bond markets in U.S. dollars and local currency. This weak relationship is relatively low 
when compared to the correlation of other asset classes such as U.S. stocks and 
international stocks. This further supports my hypothesis for including international 
bonds in a domestic fixed-income portfolio, as they provide important diversification 
benefits and reduce the risk of a U.S. bond portfolio.
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Table 9
Correlation Coefficients o f International Bond Markets in U.S. Dollars 1985 to 1999.
Countries U S Jap Ger UK Fra Can Ita Aus N et Swi
N on-$
WGBI
United States 1.00
Japan 0.20 1.00
Germany 0.33 0.65 1.00
United Kingdom 0 2 3 0.50 0.65 1.00
France 0.38 0 .62 0.95 0.66 1.00
Canada 0 .57 0.11 0 .17 0 .32 0 .18 1.00
Italy 0 .26 0.41 0.73 0 .56 0.74 0.21 1.00
Australia 0.08 0 .08 0 .08 0 .20 0 .08 0.31 0 .10 1.00
Netherlands 0 .34 0 .64 0 .99 0 .65 0 .96 0 .18 0.73 0.08 1.00
Switzerland 0.26 0 .67 0.92 0 .59 0 .88 0 .09 0 .64 0 .04 02% 1.00
SSB  N on-$ W GBI 0.34 0 .86 0 .90 0 .77 0 .89 0 .26 0.71 0.15 0 .89 0.85 1.00
(M arket-W eighted)
SSB N on-$ W GBI 0.38 0 .68 0 .94 0 .78 0.93 0 .34 0 .79 0.28 0 .94 0.87 1.00
(Equal-W eighted)
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Table 10
Correlation Coefficients o f  International Bond Markets in Local Currency 1985 to 1999.
Countries US Jap Ger UK Fra Can Ita A us N et Sw i
N on-$
W GBI
United States 1.00
Japan 0.39 1.00
Germany 0.51 0 .47 1.00
U nited Kingdom 0.44 0 .34 0.62 1.00
France 0.52 0.32 0.75 0 .58 1.00
Canada 0.75 0.35 0.45 0.47 0.45 1.00
Italy 0 .24 0 .09 0.44 0 .37 0 .54 0.23 1.00
Australia 0 .36 0 .18 0 .29 0 .30 0.25 0 .38 0 .26 1.00
Netherlands 0.52 0.41 0.93 0 .59 0 .77 0.45 0.45 0.31 1.00
Switzerland 0.34 0 .34 0.63 0.42 0 .50 0 .26 0 .28 0.21 0.65 1.00
SSB N on-S W GBI 0.60 0 .76 0 .84 0 .76 0 .74 0 .60 0 .47 0.35 0 .79 0 .56 1.00
(M arket-W eighted)
SSB N on-$ W GBI 0.62 0 .49 0.86 0 .76 0 .82 .65 0.61 0 .52 .86 0.63 1.00
(Equal-W eighted)
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CHAPTER 6
REGRESSION ANALYSIS 
The correlation coefficient, the usual statistic that measures the degree of linear 
relationship between any two markets, can prove misleading, as markets often diverge 
considerably in the short run (periods one year or less), but may actually integrate well 
over longer periods. For example, a low correlation coefficient might suggest that the 
United Sates and Japan offer diversification opportunities relative to other international 
bond markets and, as a result, investors with long-term investment horizons may diversify 
between these two markets believing that they will spread their risk more effectively. 
Chapter 5 illustrates how the correlation coefficients change over time periods, giving 
investors different views on diversification.
When working with time-series data, the data must exhibit stationarity when 
using alternative methodologies to correlation analysis. A stationary time-series variable 
possesses a mean and variance that does not change over time. A nonstationary variable 
possesses a mean and/or variance that changes over time and tends to drift upward (or 
downward). This can lead to difficulties in regression analysis, resulting in spurious 
regression, and inflated coefficient of determination (R^) and t-scores. To correct for 
nonstationary, the researcher must create the first difference of the time series. The 
transformed variables typically become stationary and exhibit a constant mean and 
variance over time.
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I tested for nonstationarity in my data with three known unit-root tests; Dickey- 
Fuller Generalized Least Squares (zero-lags), Augmented Dickey-Fuller, and Phillips- 
Perron. I chose three methods to ensure that the results took into consideration any 
higher order of correlation that might exist. In each test, the null hypothesis assumed 
that the monthly returns of the bond markets in U.S. dollars possessed a unit root and 
exhibited nonstationarity. From the results in Table 11,1 reject the null hypothesis of 
nonstationarity by all three methods at the one-pereent level of significance. With solid
Table 11
Unit-Root Tests (Stationarity) in U.S. Dollars.
Null Hypothesis: Unit Root
Dickey-
Fuller
GLS
Augmented
Dickey-
Fuller
Phillips
Perron
Critical
Value
(99%)
United States - 8.82 -11.36 -11.32 -2.58
Japan -11.18 -12.22 -12.22 4158
Germany -11.52 -12.68 -12.71 4158
United Kingdom - 7.68 -11.69 -11.60 4158
France -12.18 -12.76 -12.84 4158
Canada -12.81 -13.83 -14.12 -2.58
Italy -12.74 -12.72 -12.80 4158
Australia -12.99 -13.33 -13.60 -2.58
Netherlands -11.72 -12.50 -12.53 -2.58
Switzerland - &43 -12.55 -12.56 -Z58
SSB Non-$ WGBI (Market-Weighted) -10.27 -12.05 -12.07 -158
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evidence of the monthly returns in U.S. dollars exhibiting stationarity, I ean proceed 
with regressions analysis, and not worry about nonstationary series.
One reason for studying the interaction of the U.S. bond market and other 
international bond markets is to determine whether those markets relate to each other. 
U.S. government bonds carry the highest credit rating in the world and establish the 
benchmark for all international government bonds for several reasons. First, the U.S. 
runs the largest of all government bond markets and accounts for over 27 percent of the 
WGBI market-weighted index. Second, the U.S. bond market proves the most efficient 
and liquid with more breadth than any other bond market. I hypothesize that the U.S. 
government bond market influences other global government bond markets and explains 
some of the returns of those international markets. Figure 7 shows the simple regression 
model where the U.S. bond market returns, the independent variable X, determines the 
international bond market returns, the dependent variable Yt.
International bond market returns = Ot -t- (3 (U.S. bond market returns) + S
Figure 7. Regression model: U.S. and international bond markets.
Table 12 reports the coefficients and p-values of the regression models of the 
international bond market returns in U.S. dollars on the U.S. bond market returns. A 
positive relationship exists between the U.S. market and the international markets. All 
beta coefficients exceed zero, ranging from .212 to 1.029 and all coefficients prove
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statistically significant at the one-percent significance level, except Australia. The 
reason for the lack of statistical evidence regarding Australia probably reflects the large 
geographical and time difference to the U.S. bond market.
The coefficient of determination (R^) for all countries exhibited low values, 
though the U.S. bond market did maintain some explanatory power. The U.S. 
government bond market returns explained less than one percent of the returns in the 
Australian government bond market. This makes sense, knowing that, the regression 
model was not robust and that the coefficients were not statistically significant. The 
highest coefficient of determination oceurred in Canada, where the U.S. bond market 
returns explained thirty-two percent of the returns in the Canadian bond market. The 
strong interaction of the financial markets and banking institutions keeps Canada closely 
tied to the U.S. markets. On average, the U.S. bond market explained about eleven 
percent of the international bond market returns.
I checked the model for violations of the classical assumptions regarding the 
ordinary least squares regression model. First, I tested for first-order serial correlation in 
my time-series variables. I decided on two different tests for serial correlation as the 
Durbin-Watson statistic can exhibit inconclusive ranges. The Durbin-Watson statistics in 
Table 12 ranged from 1.71 to 2.26 with 180 observations in the nine regression models. 
Given the null hypothesis of no serial correlation, a two-tail test at the five-percent 
significance level implies critical values between 1.65 to 2.35. All countries rejected the 
null hypothesis of no serial correlation. Next, I used the Breuseh-Godfrey test. This test 
checks for higher orders of serial correlation than the Durbin-Watson statistic. I used a 
one-lag and two-lag model and the resulting statistic from the Breuseh-Godfrey test
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consists of the number of observations times the coefficient of determination (R^). Table 
13 reports that at the five-percent significanee level, the one-lag and two-lag model 
failed to rejeet the null hypothesis of no serial correlation up to the order of two. The 
United Kingdom posted Durbin-Watson and Breusch-Godffey statistics close to the 
critical values for the one-lag and two-lag models.
Table 12
Regression Results with United States in U.S. Dollars.
Intereept
Coefficient
(p-value) R-Squared
Durbin-
Watson
Japan 0.669 0.602 (.006) 0.042 1.91
Germany 0.301 0.841 (.000) 0.110 2.05
United Kingdom 0.472 0.931 (.000) 0.109 1.71
France 0.411 0.901 (.000) 0.145 2.10
Canada 0.075 1.029 (.000) 0.320 226
Italy 0.619 0.628 (.000) 0.065 2.01
Australia 0.745 0.212 (.290) 0.006 1.99
Netherlands 0J28 0.841 (.000) 0.116 202
Switzerland 0263 0.691 (.000) 0.067 1.99
SSB Non-$ WGBI 
(Market-Weighted) 0.452 0.742 (.000) 0.117 1.93
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Table 13
Regression Diagnostics in U.S. Dollars.
Breusch-Godffey 
1-lag (p-value)
Breusch-Godffey 
2-lag (p-value)
White 
Heteroskedasticity 
Test (p-value)
Japan 0.33 (.568) 1.48 (.477) 0.58 (.749)
Germany 0.11 (.743) 0.13 (.936) 6.41 (.040)
United Kingdom 3.37 (.066) 5.45 (.065) 2.51 (.285)
France 0.48 (.489) 1.10 (.577) 5.14 (.076)
Canada 3.14 (.077) 4.39 (.111) 1.86 (.395)
Italy 0.01 (.948) 0.31 (.857) 0.96 (.618)
Australia 0.01 (.929) 0.29 (.864) 2.64 (.267)
Netherlands 0.03 (.866) 3.14 (.077) 4.56 (.104)
Switzerland 0.02 (.962) 0.22 (.894) 2.50 (.286)
SSB Non-$ WGBI
0.16 (.686) 0.19 (.909) 2.54 (.279)
Second, 1 checked for a non-constant variance of the error term. The White test 
will detect the presence of heteroskedasticity in the time-series data. The White test 
statistic (sample size multiplied by the coeffieient of determination) that appears in 
Table 13 proved not significant at the five-percent level and failed to reject the null 
hypothesis of homoskedasticity for all countries, except Germany. Finally, 1 checked for 
the linear relationship between the independent variables. The relatively low correlation
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and low coefficient of determination of the U.S. and the other international markets 
suggests that no problem exists with multicollinearity.
The regression analysis can demonstrate the explanatory relationship between 
markets, but cannot test for causality. To test whether the movement of the U.S. 
government bond market causes any movement in the international government bond 
markets or vice versa, I will employ Granger causality tests. Granger causality occurs 
where one time-series variable consistently and predictably changes before another 
variable does. Granger causality does not imply that international bond market returns 
necessarily get detemiined by the U.S. bond market return. Granger causality 
determines which variable preeedes or “leads” the other and such leading variables ean 
prove useful for forecasting purposes.
1 test whether the U.S. government bond market returns “Granger” cause any of 
the international government bond market returns and vice versa. The null hypothesis 
assumes no Granger causality. If we rejeet the null hypothesis, then evidenee of Granger 
causality exists. The model contains 178 observations (two-lags) between the U.S. and 
nine international countries and the index. Table 14 reports the results for the nine 
countries and the index. I reject the null hypothesis that U.S. returns do not Granger 
cause at the five-percent signifieance level, except for the United Kingdom and Italy.
The U.S. market return Granger causes the Italian market return at the ten-percent level. 
The other market returns causality only runs in one direction as no Granger causality 
exists from foreign markets to the U.S. except for Australia. Although the U.K. and the 
U.S. possess many important financial and political ties, no causality evidence exists 
between the two.
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Table 14
Granger Causality Tests in U.S. Dollars.
Granger Causality (2-Lags) 
Null Hypothesis: Observations F-Statistic p-value
U.S. does not Granger Cause Japan 178 3.804 0.024
Japan does not Granger Cause U.S. 178 1.465 0.233
U.S. does not Granger Cause Germany 178 4.821 0.009
Germany does not Granger Cause U.S. 178 1.721 0.182
U.S. does not Granger Cause United Kingdom 178 1.371 0.257
United Kingdom does not Granger Cause U.S. 178 0.429 0.652
U.S. does not Granger Cause France 178 5.921 0.003
France does not Granger Cause U.S. 178 1.581 0.209
U.S. does not Granger Cause Canada 178 5.633 0.004
Canada does not Granger Cause U.S. 178 1.033 0.358
U.S. does not Granger Cause Italy 178 2.542 0.082
Italy does not Granger Cause U.S. 178 0.606 0.547
U.S. does not Granger Cause Australia 178 3.804 0.024
Australia does not Granger Cause U.S. 178 5.669 0.004
U.S. does not Granger Cause Netherlands 178 4.708 0.010
Netherlands does not Granger Cause U.S. 178 1.623 0.200
U.S. does not Granger Cause Switzerland 178 3.496 0.032
Switzerland does not Granger Cause U.S. 178 1.394 0.251
U.S. does not Granger Cause SSB Non-$ WGBI 178 4.613 0.011
SSB Non-$ WGBI does not Granger Cause U.S. 178 0.989 0.374
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CHAPTER 7
PORTFOLIO EFFECTS 
The previous ehapters looked at the annual returns, standard deviations, 
correlation eoefficients, and causality of the countries in the Non-$ WGBI and the U.S. 
bond market. This ehapter will eompare market-weighted and equal-weighted portfolios 
of international bond markets and the U.S. Government bond market. The market- 
weighted and equal-weighted Non-$ WGBI provide good proxies for international bond 
portfolios as they include nine major international government bond markets. The 
market-weighted portfolio dominates the returns of Japan, United Kingdom, Germany, 
Italy and Franee, which account for over 55 percent of the index performance. The 
equal-weighted portfolio constructs the index so that eaeh of the nine countries possess 
an equal weight.
The evidenee shows that market- and equal-weighted portfolios of international 
bond markets over the period 1985 to 1999 experieneed a higher return than the U.S. 
bond market. Volatility in the international bond markets and the corresponding 
indexes, measured in U.S. dollars, always exceeded that of the U.S. bond market, due to 
fluctuations in exchange rates. Finally, the correlation of international bonds with U.S. 
bonds was relatively low, thus, supporting the diversification benefits of international 
bonds in a U.S. portfolio. The evidenee shows that the correlation of monthly U.S. and 
market and equal-weighted portfolio returns, in U.S. dollars for 1985 to 1999, equaled
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only 0.34 and 0.38, respectively. Given these risk-retum charaeteristies, I ean examine 
the effect of foreign bonds on a U.S. fixed income portfolio.
The portfolio expected return and standard deviation calculation methodology 
uses the underlying equations from Markowitz (1954) as shown in Figure 8. The 
market-weighted and equal-weighted indexes return calculation equals a weighted- 
average of the individual bond market returns that comprise the index. The standard 
deviation caleulation for the two indexes does not equal a weighted-average of the 
standard deviation of the individual countries. That calculation includes the standard 
deviation of the individual countries, the weights of the countries, and the conelation 
coefficients between the markets. Note that in the portfolio standard deviation 
ealculation, the correlation coeffieient aetually reduces the portfolio standard deviation 
when it is less than perfectly positive providing important diversification benefits.
R p ^ W  a R a '^W b R b
( j p  = i W \ ( j A + W \ a B +2  W a W b C J a O b P a b
Figure 8. Portfolio expeeted return and standard deviation calculation methodology.
Although foreign exehange rate movements greatly increase the volatility of 
individual market returns, the overall effect of the currency movements on a diversified 
international bond portfolio proves far less. The standard deviations of the market- 
weighted and equal-weighted Non-$ WGBI fall below the majority of the individual 
international bond markets that make up the indexes due to the less than perfect correlation
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among the returns between the bond markets. Volatility in the market-weighted and 
equal-weighted portfolios, measured in U.S. dollar terms, exceeded that in the U.S. bond 
market during 1985 to 1999. The returns in the U.S. bond market exhibited a standard 
deviation of 4.92 percent, Japan 14.52 percent, and the market-weighted and equal- 
weighted portfolios, 10.69 and 9.58 percent, respectively. In fact. Table 5 shows that 
during all subperiods, the standard deviation of the market and equal-weighted portfolios 
exceeded twice the U.S. bond market value.
Table 15 illustrates the risk and return relationship utilizing the compounded 
rates of return and standard deviations of ten diversified portfolios. Each portfolio 
consists of a portion of the U.S. Government bond market and market-and equal- 
weighted portfolios from zero to one-hundred percent in increments of ten percent. The 
U.S. bond market produced a return of 8.90 percent versus 11.91 pereent return by the 
market-weighted portfolio and 11.62 percent return by the equal-weighted portfolio for 
1985 to 1999. As seen in Table 3, the over-performanee occurs because every country in 
the index with the exception of Switzerland beat the U.S. bond market by a eonsiderable 
margin. With the addition of international bonds to the portfolio, the total returns 
inereases with each increment. For example, the U.S. portfolio return increased by 90 
basis points when adding 30 percent international bonds. In addition to the inereased 
annual returns, standard deviations also deereased initially with the addition of 
international bonds to the portfolio, but then increased beyond the first six percent 
addition.
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Table 15
International Portfolio Returns and Standard Deviations in U.S. Dollar.
Total Return 
Mkt-Wtd
Std Deviation 
Market-Wtd
Total Return 
Equal-Wtd
Std Deviation 
Equal-Wtd
100% United States 8.90 4.92 8.90 4.92
90% U .S ./10% 9.20 4.90 9.17 4.88
80% U.S. / 20% 9.50 5.08 9.45 4.99
70% U.S. / 30% 9.80 5.45 9.72 5.26
60% U .S ./40% 10.11 5.97 9.99 5.66
50% U.S. / 50% 10.41 6.61 10.26 6.16
40% U.S. / 60% 10.71 7.33 10.53 6.75
30% U.S. / 70% 11.01 8.11 10.80 7.39
20% U.S. / 80% 11.31 8.94 11.08 8.09
10% U .S ./90% II.6I 9.80 11.35 8.82
100% International 11.91 10.69 11.62 9.58
Figure 9 illustrates the trade-off of risk and return between the United States and 
Australia, the country with the lowest correlation coefficient, 0.08, when converting the 
monthly returns to U.S. dollars. Even with the low correlation coeffieient, limited 
diversifieation benefits emerged with the addition of Australian government bonds due 
to the high standard deviation and moderate increase in annual return over the U.S. A 
portfolio of 100-percent U.S. Government bonds generated a return of 8.90 percent and a 
standard deviation of 4.92 percent. Adding Australian government bonds to the 
portfolio, volatility declined and returns increased. A portfolio of 90-percent U.S. bonds
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and 10-percent Australian bonds exhibited the lowest overall volatility of 4.72 percent 
and an annual return of 9.05 percent. A portfolio of 80-percent U.S. bonds and 20- 
percent Australian bonds exhibited the highest return for the same risk level of a 100- 
percent U.S. bond portfolio, adding 30 basis points per year in total return.
Figure 10 shows the trade-off of risk and return between the United States and 
Italy, the country with the lowest correlation coefficient, 0.24, when leaving the monthly 
returns in local currency. The diversification benefits increased substantially with the 
addition of Italian government bonds. In fact, a portfolio of 100-percent Italian 
government bonds exhibited a higher annual return with less volatility, than a portfolio 
of solely U.S. government bonds. A portfolio of 63-percent Italian bonds and 37-percent 
U.S. bonds produced the lowest standard deviation of 3.45 percent with an annual return 
of 11.38 percent, which still exceeded a 100-percent U.S. portfolio.
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Figure 9. 1985 to 1999 risk/return U.S. and Australia (U.S. dollars).
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Figure 10. 1985 to 1999 risk/retum U.S. and Italy (local currency).
Unfortunately, several problems exist with selecting an individual country versus 
an international portfolio to combine with U.S. bonds. First, forecasting the one country 
that will dominate the returns of the U.S. bond market proves difficult. Figures 3 and 4 
illustrate the randomness of annual returns and how much variation occurs in the top 
performer. Second, estimating the country that will exhibit the lowest correlation 
coefficient with the Unites States in local currency terms or U.S. dollars also proves 
equally difficult. Finally, the diversification benefits of returns in local currency 
disappear when the majority of investors must convert those returns to U.S. dollars.
Figures 11 and 12 show the effect of international diversification versus country 
selection on the standard deviation of a portfolio. Despite the substantially higher 
volatility of returns in the international bond portfolio relative to the returns in the
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Figure 11. 1985 to 1999 risk/retum U.S. and international (U.S. dollars).
U.S. bond portfolio, weightings in international bonds can lower overall volatility of a 
U.S. bond portfolio, because the correlation between the returns on U.S. bonds and 
international bonds is relatively low. A portfolio of 100-percent U.S. government bonds 
resulted in a return of 8.90 percent and a standard deviation of 4.92 percent. Introducing 
international bonds into the portfolio, volatility declined and returns increased. A 
portfolio of 94-percent U.S. bonds and 6-percent international bonds exhibited the lowest 
overall volatility of 4.88 percent and returned 18 basis points over the 100-percent U.S. 
bond portfolio. A portfolio of 88-percent U.S. bonds and 12-percent international bonds 
exhibited the highest return for the same risk level of a 100-percent U.S. bond portfolio, 
adding 36 basis points per year to total return. Beyond this point, annual returns benefit by 
increasing the portfolio weights in favor of international bonds, however, at the cost of 
overall portfolio volatility. These results support the hypothesis that international bonds
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provide some beneficial return and diversification characteristics, when combined with 
U.S. government bonds.
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Figure 12. 1985 to 1999 risk/retum U.S. and intemational (local currency).
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CHAPTER 8
CURRENCY ISSUES 
Investors can reduce portfolio volatility through diversification, but many of the 
investment opportunities may lie outside their domestic countries. The benefits of 
diversification depend on the correlation coefficients between markets. Low correlations 
mean that bond markets move more independently with each other, providing important 
diversification benefits. A paradox emerges, however, since the same intemational 
diversification that reduces portfolio risk also introduces another type of risk, currency 
risk. Currency risk is an exposure, not an investment, because to create the currency 
exposure requires no capital. Intemational investments cause currency exposure. Most 
investors define currency risk as the difference between total market risk, measured in 
local currency, and the local market risk. Intemational investors with more than 5 to 10 
percent of their portfolio dedicated to foreign bonds must address the problem of 
managing currency risk.
Intemational investors will always face decisions with respect to currency risk. 
Will the currency exposure enhance the retum of an intemational portfolio, wash out the 
gains, or reduce performance? Can an investor forecast currency retums? Does the 
investor hedge the currency risk? Does the investor evaluate the currency risk in each 
country or along with the total risk of the intemational bond portfolio? Should retums
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be denominated in U.S. dollars or the foreign currency? Finally, do transaction costs 
make all questions irrelevant?
Currency hedging consists of transactions that reduce the effect of exchange rate 
fluctuations on the dollar value of foreign bonds. A U.S. investor in foreign bonds must 
translate foreign investment purchases, sales, income, gains, and losses back into dollars. 
This translation itself results in a separate form of gain or loss, unless exchange rates 
remain unchanged. By hedging currency risk, a U.S. investor locks in a dollar exchange 
rate on a specified amount of foreign currency for a specified period of time. An 
investor can do this by selling foreign currency “forward” for dollars or by selling 
foreign currency futures contracts. These transactions allow a U.S. investor to lock in an 
exchange rate for a relatively short period of time.
The calculation for the monthly currency-hedged bond retum uses a rolling one- 
month forward exchange contract as the hedging instrument. The face value of the 
contract equals the beginning-of-month market value revalued using one month’s aging 
(holding the bonds’ yield constant over the month) plus the expected interest that accmes 
during the one month investment period. This strategy leaves unhedged the intramonth 
changes in bond prices from yield movements. Any principal movement resulting from 
yield changes get settled at the end-of-month spot exchange rate. Figure 13 outlines the 
formula for this calculation.
The currency-hedging decision exhibits much debate with regards to global 
portfolio management and strong arguments exist for and against hedging currency risk. 
Opponents of hedging believe that hedging reduces retums, entails significant 
transaction costs, and increases the correlation of retums with U.S. bonds through the
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Monthly Beginning of Period Value =
Monthly End of Period Value
Total Monthly Rate of Retum (%
Annualized Total Rate of Retum
[(Beginning Price + Beginning Accmed) x 
(Beginning Par Outstanding)] x [Beginning- 
of-Period Spot Exchange Rate (US$/Local 
Currency)]
[(Beginning-of-Period Local Currency Value 
with One Month’s Aging + Expected Change 
in Accmed Interest over One-Month 
Investment Period) x Beginning-of-Period 
One Month Forward Exchange Rate 
(US$/Local Currency)] + [Change in Market 
Value of Principal Amount Due to Yield 
Change x End-of-Period Spot Exchange Rate 
(USS/Local Currency)]
[(End of Period Value/Beginning of Period 
Value) -  1] xlOO
(1 + Total Retum) 12/t.meperiodj_j ^ 2 0 0
Figure 13. Currency-hedged monthly retum calculation methodology.
From: Salomon-Smith Bamey Global Index Group Performance Index (1998). 
Adapted with permission.
reduction of currency risk. Foreign currency can diversify an intemational portfolio. 
Proponents of hedging argue that hedging reduces portfolio risk or volatility, minimizes 
currency exposure, and maintains the unique characteristics of the primary investment.
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In order to salvage the case for intemational bonds, a number of authors argue for 
hedged, rather than unhedged, bonds in U.S. portfolios. They contend that because 
currency risk adds to the volatility of an intemational bond portfolio, hedging away the 
currency risk renders hedged foreign bonds less volatile than unhedged foreign bonds.
A policy of purchasing hedged foreign bonds offers greater risk reduction with no loss of 
expected retum compared to a traditional unhedged intemational bond portfolio. This 
assessment caused a number of observers to conclude that hedged foreign bonds could 
offer U.S. investors a free lunch.
If investors want to hedge the currency risk, they must take into consideration the 
correlation between the local bond market and that currency, which differs in different 
countries. The two forms of risk are not additive, the volatilities do not simply add 
together. The risks become additive only if the correlation equals one. If the correlation 
of the two risks equal negative one, the situation can completely eliminate risk. A 
correlation of negative one implies that whenever the intemational bond market declines, 
the foreign currency goes up, so the two risks offset each other. In general, the 
correlation between currency risk and asset risk falls somewhere between negative one 
and positive one. The total risk of an intemational bond in U.S. dollars equals 
something less than the sum of local market risk and currency risk. Of course, in a 
diversified portfolio, some currency risk is offset, investors should consult the total 
portfolio risk and not focus on the currency risk of one single market or one single 
country.
One expects a negative correlation between bond retums and currency values and 
a positive correlation between currency values and the volatility of local bond market
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retums. That is, a weak domestic currency that depreciates against key currencies causes 
the governments to intervene to defend their currencies. Governments do not want to 
lose. For them, losing means a currency that depreciates against their neighbor’s 
currency. A good intervention strengthens domestic interest rates to defend the domestic 
currency, but rising interest rates cause bond prices to fall. Even without government 
intervention, a rise in the inflationary expectations at home should associate with 
depreciation of the domestic currency and an increase in interest rates. So bonds 
experience a bang-bang effect caused by the positive correlation between local bond 
market retums and the value of the currency. When the local currency declines, a 
foreign investor loses on the currency and on the asset price itself. The value of bonds in 
the local currency also declines.
Table 16 illustrates the costs and fees that associate with continuously hedging a 
foreign bond portfolio. Those expenses include (a) the execution costs of buying and 
selling the hedging instrument to establish the hedge; (b) the execution and opportunity 
costs associated with settling hedging transactions (e.g., custodial fees); and (c) the 
additional management fees, because a continuously hedged foreign bond portfolio 
requires constant rollover of short-term hedges. Those additional costs and fees lower 
the expected retum on the hedged foreign bonds, and the resulting net retum must 
exceed U.S. and unhedged foreign bond retums to make hedged foreign bonds an 
attractive investment. Ennis, Knupp and Associates, a U.S. pension consultant, 
estimates that the additional cost equals 27-70 basis points, if the forward hedges are 
rolled over on a monthly basis. In a world where transaction costs and management fees
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exist, hedged foreign bonds cost more than unhedged foreign bonds to achieve risk 
reduction.
This study shows that if U.S. investors shifted funds from U.S. to hedged foreign 
bonds over 1985 to 1999, they would have sacrificed retum in order to achieve any
Table 16
Expenses in Managing a Continuously Hedged International Bond Portfolio.
Type of Expense Cost in Basis Point
Execution Cost 12-25
Settlement Cost 05-25
Management Fees 10-20
Total 27-70
From: UBS Global Asset Management, Venture Economics, EnnisKnupp (2000).
meaningful reduction in portfolio risk. Table 17 reports the result of such a hedging 
strategy, with a rollover of the foreign exchange hedge. The retum on the hedged 
intemational bond portfolio of 8.54 percent fell more than 300 basis points below the 
retum on the unhedged bond portfolio of 11.91 percent and 36 basis points below the 
U.S. bond portfolio. The annualized standard deviation of retum on hedged foreign 
bonds fell significantly below the comparable volatility of unhedged intemational and 
U.S. bonds (3.53 percent vs. 10.69 percent and 4.92 percent, respectively). Note that 
correlation with the U.S. bond market increases when hedging the currency risk. In fact, 
the correlation coefficient almost doubled from 0.34 to 0.60. In the case of the hedged
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foreign bond portfolio, the decrease in risk largely reflects the lower volatility of hedged 
foreign bond markets, with no currency risk, as compared to U.S. bond market. The 
historical evidence shown in Figure 14 indicates that no free lunch existed from 1985 to 
1999. Mixing U.S. bonds with hedged foreign bonds reduces risk more than using 
unhedged foreign bonds in the portfolio. Conversely, mixing U.S. bonds with unhedged 
foreign bonds increased retum more than using hedged foreign bonds in the portfolio. 
Currency risk added significant volatility to the portfolio but also added higher retums.
Table 17
Comparison o f  Annualized Return, Risk and Correlation between U.S. andNon-S WGBI 
on a Hedged and Unhedged Basis 1985 to 1999.
Total
Retum
Standard
Deviation
Correlation 
U.S. Bonds
United States Bonds 8.90 4.92 1.00
Hedged Intemational Bonds 8.54 3.53 0.60
Unhedged Intemational Bonds 11.91 10.69 0.34
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Figure 14. U.S. bonds versus hedged and unhedged intemational bonds from 1985 to 1999.
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CHAPTER 9 
CONCLUSION
This thesis updates previous studies on the risk and retum characteristics of 
intemational bond markets from 1985 to 1999. In doing so, I re-examined several key 
issues that authors researched in earlier academic papers and address their relevancy in 
this updated time-period:
(1) Do intemational bonds compliment a diversified portfolio of U.S. fixed
income securities?
(2) Can a meaningful reduction in risk occur with the addition of intemational
bonds?
(3) Have global government bond markets become more correlated with the U.S.
government bond market?
(4) Can the U.S. bond market explain or cause movements in the intemational
bond markets?
(5) What effects of currency exposure on intemational fixed-income investing
exist?
For investors who maximize retum, investing in intemational bonds does not 
make sense unless intemational bonds can improve the portfolio’s rate of retum relative 
to what is available from U.S. bond investments. Investors who expanded their 
spectrum of potential fixed income investments to include intemational bonds eamed a
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superior annualized return over investing in strictly U.S. bonds (in U.S. dollar-terms) 
from 1985 to 1999. This supports the first hypothesis that intemational bonds deserve a 
place in a diversified fixed-income portfolio and supports the research of Cholerton, 
Pieraerts and Solnik (1986) and Rosenberg (1997).
Investors who want to minimize risk found intemational bond markets far more 
volatile than the U.S. bond market after converting the monthly retums into U.S. dollars. 
In fact, many of the intemational bond markets in the Non-$ WGBI exhibited less risk 
than the U.S. bond market, leaving their retums in their local currency. The difference 
in risk levels from local currency retums to U.S. dollar retums mainly reflects the 
currency exposure. The currency translation causes greater volatility and pushes up the 
standard deviation in U.S. dollar terms. Evidence emerged showing that the risk level of 
the intemational govemment bond markets decreased over time in U.S. dollars and local 
currency. This rejects my second hypothesis that intemational bonds lower the volatility 
of a fixed-income portfolio when you translate the retums from local currency to U.S. 
dollars. This supports the conclusions of Cholerton, Pieraerts and Solnik (1986) and 
Burk and Ennis (1990).
Diversification proves important for intemational bond investing. The 
correlation coefficient between the retums of intemational bond markets and the U.S. 
bond market determines the importance of diversification. In the sample, intemational 
bond market retums, in local currency, became more tightly linked as the correlation 
coefficients grew more positive. In U.S. dollars, the intemational bond market 
correlations with the U.S. did not show material change from one period to the next. 
Currency translation into U.S. dollars drives the correlation coefficients of the bond
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markets lower and not the actual movements of the individual bond market retums. This 
provides evidence that intemational bond markets gradually lost their individual unique 
characteristics, thus reducing their diversification power when retums are translated into 
U.S. dollars. These findings prove consistent with the research of happen (1995) and 
Hunter and Simon (2004)
In examining the relationship between the U.S. bond market and the intemational 
bond markets, the regression analysis provided some useful insights. The U.S. bond 
market generated a positive statistical relationship with all intemational bond markets 
while explaining, on average, over ten percent of market retums. Solid evidence exists 
that the U.S. bond market Granger caused some of the movement in the intemational 
bond market retums. The Granger causality tests proved statistically valid for all 
countries except the United Kingdom and Australia. I did not find any evidence of prior 
Granger causality tests in my literature review.
Combining intemational bond portfolio with the U.S. bond market did provide 
some reduction of risk after translation of currencies. A portfolio of 94-percent U.S. 
bonds and 6-percent intemational bonds exhibited the lowest overall volatility of 4.88 
percent. A portfolio of 88-percent U.S. bonds and 12-percent intemational bonds 
exhibited the highest retum for the same risk level of a 100-percent U.S. bond portfolio, 
adding 36 basis points per year in total retum. Currency volatility continued to reduce 
the correlation between most intemational bond markets and the U.S. bond market, when 
converted to U.S. dollar terms, providing a powerful diversifier for portfolios. Despite 
the substantially higher volatility of the intemational bond index relative to the U.S. 
bond market, weights in intemational bonds can lower overall volatility of a U.S. bond
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portfolio. This occurs because of the relatively low correlation between the retums in 
U.S. bonds and intemational bonds during the sample. This evidence supports my 
second hypothesis that the inclusion of intemational bonds with U.S. bonds will reduce 
the risk of a portfolio and increases the expected retum and proves consistent with 
Solnik, Boucrelle, and Le Fur (1996).
The currency-hedging decision represents an important decision for investors in a 
global fixed-income portfolio and strong arguments exist for and against hedging 
currency risk. Currency-hedged foreign bonds lower the standard deviation of 
intemational portfolio retums over a 100-percent U.S. fixed income portfolio. Hedged 
bonds, however, also lower expected retums by a wide margin and minimize an 
important source of diversification, as the correlation coefficient with the U.S. bond 
market becomes more positive. Currency risk added significant risk and higher retums 
but lowered correlation. This is the same conclusion that Lapen (1995) and Rosenburg 
(1997) stated in their papers.
The advent of the European Monetary Union (“EMU”) and the euro alters asset 
management and provides unique opportunities for European and non-European 
investors. The EMU will create a bond market of about $7.6 trillion or about 37-percent 
of the world bond market. We will now see three major currencies dominating the 
global bond scene, the U.S. dollar, EMU Euro, and Japanese Yen. Prior to the 
introduction of the euro, intemational fixed-income portfolios were greatly affected by 
currency risk within Europe. Because of the formation of the EMU and the creation of 
the euro, currency risk within Europe will disappear, but will still exist for the non- 
European investor. In other words, the bilateral exchange rates for all European
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currencies become fixed and the euro-dominated bond markets will exhibit a correlation 
of one with each other. Monetary policy in EMU countries gets taken over by the 
European Central Bank. So one monetary policy must exist for all EMU investors. 
Consequently, the allocation to non-European assets must increase to get similar 
diversification benefits as before with the combined European and non-European assets. 
No reason exists to expect intemational bonds, hedged or unhedged, to provide superior 
long-term retums relative to U.S. bonds. Governments around the globe continue to 
remove the remaining barriers to capital flows, fixed income retums and interest-rate 
volatility in the major markets should converge.
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